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HIGH- FREQUENCY SYSTEM FOR AN MR APPARATUS WITH MULTIPLE TRANSMIT CHANNELS 



The invention relates to a high-frequency system for an MR apparatus with a 
high-frequency coil configuration comprising a plurality of resonator elements, which coil 
arrangement is connected to a transmit unit, where a respective transmit channel of the 
transmit unit is assigned to the resonator elements. 
5 The invention further relates to an MR apparatus with a high-frequency system 

of this kind. 

In respect of the MR image generation, the localization of the nuclear 
magnetization takes place within the examination volume by means of time-variable, 
spatially-inhomogeneous magnetic fields (magnetic field gradients). To generate the image, 

10 the MR signal is recorded in the time domain as a voltage, which is induced under the 

influence of a suitable sequence of high-frequency pulses and gradient pulses, in the high- 
frequency coil arrangement enclosing the examination volume. The actual image 
reconstruction then takes place by Fourier transform of the time signals. 

Part of the high-frequency system of the usual MR apparatuses is a transmit 

15 and receive coil, such as an integrated body coil, which is usable for the volume image 

generation. Separate surface coils or so-called phased-array coils may also be used in order to 
achieve an improvement in receive signal quality (improved signal-to-noise ratio, higher 
resolution). The body coils used both for excitation and for detection of MR signals are 
normally so-called birdcage coils. These comprise a plurality of conductor bars arranged 

20 around the examination volume and running parallel with the main field direction, which 

conductor bars are joined together via circulator conductors on the end faces of the coil. The 
resonance characteristic of body coils of this kind is determined by capacitor elements, by 
means of which the conductor elements are connected to a network. 

25 

The parallel use of a plurality of surface coils for receiving the MR signals 
from the examination volume is known from e.g. WO 99/27381 . In accordance with this 
document, a plurality of surface coils, arranged, in particular, in the area of the extremities of 
the patient under examination may be operated in parallel in order thereby to combine the 
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MR signals detected to form an overall image. The advantage of this is that, owing to the 
restricted spatial sensitivity range of the surface coils, a large signal-to-noise ratio arises. The 
combination of surface coils for image generation is also known by the designation of 
SYNERGY. 

5 Very recently, the move has been towards using high-frequency coil 

arrangements with a plurality of resonator elements, which are connected to the transmit unit 
of the MR apparatus, for the transmit mode also, wherein a transmit channel of the transmit 
unit is assigned to each of the individual resonator elements. 

As a result of a separate transmit channel being assigned to each resonator 

10 element of the high-frequency coil arrangement in MR apparatuses of this kind, the field 
distribution in the examination volume is, advantageously, completely controllable. It is 
hereby possible to generate any conceivable current distribution in the high-frequency coil 
arrangement by the individual preselection of amplitude and phase on the individual transmit 
channels. The time characteristic of the HF feed may also be individually preselected 

15 differently on each transmit channel. The opportunity thereby exists e.g. of simulating the 
field distribution of a conventional birdcage coil in any resonance mode. The amplitude and 
the phase of each individual transmit channel may hereby be controlled by the software of the 
MR apparatus, which makes a direct, interactive control of the field distribution (RF 
shimming) possible. It is, for example, also conceivable to integrate a fully-automatic loop 

20 control of the HF field homogeneity into the image-generation sequence in order to 

compensate for variable influences on the field distribution, such as those from the different 
dielectric properties of the patient under examination. 

If available, surface coils to which separate transmit channels are again 
assigned may also be part of the high-frequency coil arrangement of the high-frequency 

25 system in accordance with the invention, so that the surface coils may also be used in 
transmit mode for the variable generation of the high-frequency field in the examination 
volume. 

A number of interesting application fields are opened up as a result of the 
opportunity presented by high-frequency systems of this kind to preselect as desired the 
30 spatial distribution of the high-frequency field in the examination volume. So, for example, 
gradients may be generated in the high-frequency field in different directions in space. As a 
result of the preselection of spatially-variable and time-variable high-frequency field patterns, 
a local coding which may be used for a rapid image generation is impressed on the nuclear 
magnetization distribution thereby excited (this is known as the Transmit-SENSE method). 
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Also conceivable is a spatially selective pre-saturation of the nuclear magnetization in the 
examination volume. 

The problem is that, with conventional MR apparatuses, the use of a high- 
frequency system of the type outlined above is possible only with a great deal of complexity . 
In principle, the plurality of transmit channels makes a corresponding number of high- 
frequency power amplifiers necessary. The transmit units of conventional MR apparatuses 
are normally equipped with a multi-stage high-frequency power amplifier (transmitting 
amplifier), which has only one channel, although it is capable of making high-frequency 
outputs available in the range of several kW. The use of a plurality of transmitting amplifiers 
of this kind to supply a corresponding number of transmit channels would, 
disadvantageous^, be extremely cost-intensive, since the kW transmitting amplifiers used in 
MR apparatuses are extremely costly components. On the other hand, it would not be 
expedient to use instead a plurality of low-power transmitting amplifiers since, as a result, the 
flexibility and variability in the generation of the high-frequency field in the examination 
volume, obtained as a result of the multi-channel design of the high-frequency system, would 
be severely restricted. It is true that the power of a few kW, which, as mentioned above, can 
readily be provided by conventional MR transmitting amplifiers, is also adequate overall for 
high-frequency systems with a plurality of transmit channels. However, the problem is that it 
has to be possible, depending on the application, either to distribute the total power uniformly 
over all resonator elements of the high-frequency coil arrangement, or to supply the total 
power via a single transmit channel to only one of the resonator elements. 

On this basis, it is an object of the present invention to provide a cost-effective 
high-frequency system for an MR apparatus, the transmit unit of which is capable of 
supplying a plurality of transmit channels with high-frequency transmit signals in the most 
flexible and variable manner possible. 

Starting from a high-frequency system of the type specified above, this object 
is achieved in that the transmit unit is equipped with a plurality of high-frequency amplifiers, 
the inputs of which can receive low-power transmit signals via a first controllable 
multiplexer/distributor network, in which the output signals of the high-frequency amplifiers 
can be distributed over the transmit channels via a second controllable multiplexer/distributor 
network. 
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In the high-frequency system in accordance with the invention, the individual 
high-frequency amplifiers are connected in parallel via the two multiplexer/distributor 
networks. The input signals of the transmit unit may be distributed as desired over the high- 
frequency amplifiers by means of the first multiplexer/distributor network. It is then possible, 
5 e.g. to supply just one of the input signals simultaneously to all of the parallel-connected 
high-frequency amplifiers, or to at least several of them. In accordance with the invention, 
the output signals of the high-frequency amplifiers are distributed over the transmit channels 
via the second multiplexer/distributor network. It is thus possible to add up all the output 
signals of the high-frequency amplifiers in order thereby to supply only a few of the transmit 

10 channels or even just one single transmit channel with increased or maximum transmit 

power. Equally, it is possible to distribute the output signal of each individual high-frequency 
amplifier uniformly over all the transmit channels. The high-frequency system in accordance 
with the invention thereby ensures the maximum flexibility and variability in the generation 
of the high-frequency field in the examination volume. 

15 In a similar way to the conventional MR transmitting amplifiers, the transmit 

unit of the high-frequency system in accordance with the invention is, as mentioned, 
equipped with a plurality of parallel-connected high-frequency amplifiers. The sum of the 
individual outputs of the high-frequency amplifiers thereby corresponds to the overall 
transmit power of the transmit unit. The technical complexity of the high-frequency system in 

20 accordance with the invention thereby scarcely differs from that of conventional MR 

apparatuses. The invention therefore makes the operation of an MR apparatus with a plurality 
of transmit channels possible without a significantly higher cost implication for the transmit 
unit as compared with conventional MR apparatuses. 

Also advantageous, in particular, is the fact that MR apparatuses having only 

25 one transmit channel can also be operated with the transmit unit of the high-frequency system 
in accordance with the invention. To this end, one single input signal of the transmit unit can 
be distributed uniformly over the inputs of all high-frequency amplifiers by means of the first 
multiplexer/distributor network. The output signals of the high-frequency amplifiers are then 
added, by means of the second multiplexer/distributor network, to yield one single output 

30 signal with maximum power. The transmit unit of the high-frequency system in accordance 
with the invention may thus be operated in precisely the same manner as a conventional MR 
transmitting amplifier. In order to supply a plurality of transmit channels, however, a number 
of input signals corresponding to the number of transmit channels may also be amplified 
individually and independently of one another using the same transmit unit. 
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The transmit unit of the high-frequency system in accordance with the 
invention is expediently equipped with a control unit for activating the multiplexer/distributor 
network. By means of this control unit, assigned to the transmit unit, the control signals, 
which are preselected by a central control unit of the MR apparatus, may be converted to 
5 activate the multiplexer/distributor network. In principle, the control unit assigned to the 
transmit unit processes two separate distribution matrices, by means of which, on the one 
hand, the distribution of the input signals over the inputs of the high-frequency amplifiers, 
and, on the other, the distribution of the output signals of the high-frequency amplifiers over 
the transmit channels are preselected. 

10 It is especially appropriate if the gain factors of the individual high-frequency 

amplifiers of the transmit unit can be controlled via the control unit. To this end, it is, for 
instance, possible for the switching components of the individual high-frequency amplifiers 
to be connected directly to the control unit for controlling the gain factors. Alternatively, the 
gain factors may also be controlled by the control unit by means of the multiplexer/distributor 

15 networks, which may, for this purpose, be equipped with e.g. suitable electronically 
controllable attenuator elements. 

In order to be able to define with precision the high-frequency field 
distribution in the examination volume by means of the high-frequency system in accordance 
with the invention, it is expedient if the control unit is connected to measurement sensors, 

20 which serve for determining the high-frequency field strength generated by means of the 
individual resonator elements. By means of the control unit assigned to the transmit unit, a 
plurality of parallel, control loops is thereby realized, wherein the control variables are the 
high-frequency field strengths generated by means of the resonator elements. The 
measurement sensors supply the actual values, wherein, depending on the application, the 

25 desired values for the high-frequency field strengths are preselected by a central control unit 
of the MR apparatus. The gain factors of the high-frequency amplifiers of the transmit unit 
are then varied by the control unit as manipulated variables in accordance with the signals 
picked up by means of the measurement sensors. 

The high-frequency system in accordance with the invention is expediently 

30 equipped with a plurality of controllable high-frequency signal generators for generating the 
low-power transmit signals. As a result of the plurality of controllable high-frequency signal 
generators, independent input signals can be generated for the transmit unit. For the full 
control of the high-frequency field distribution in the examination volume of the MR 
apparatus, the amplitudes and phases, as well as the transmit waveforms of the high- 
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frequency signals supplied to the resonator elements via the transmit channels, should be 
individually preselectable by means of the controllable high-frequency signal generators. 

An advantageous development of the high-frequency system in accordance 
with the invention comprises a receive unit with a plurality of receive channels assigned to 

5 the resonator elements. The opportunity thereby exists, on the one hand, to undertake a 
volume image generation with spatially homogeneous sensitivity profile by combining the 
MR signals detected by the individual resonator elements. Alternatively, partial images may 
be generated from the separately detected MR signals, which partial images are subsequently 
combined to form a complete image. On the one hand, this may be advantageous for 

10 improving the signal-to-noise ratio, wherein the individual resonator elements are used as 
SYNERGY coils. The opportunity also exists to combine the individual images with one 
another on the basis of the spatial sensitivity profiles assigned to the individual resonator 
elements, in order to save measurement time during image generation (the so-called SENSE 
method). 

15 In order to protect the high-frequency amplifiers and, if applicable, the 

multiplexer/distributor networks, isolators should be provided in the high-frequency system 
in accordance with the invention, these being connected between the outputs of the high- 
frequency amplifiers and the corresponding inputs of the second controllable 
multiplexer/distributor network and/or between the outputs of the second controllable 

20 multiplexer/distributor network and the corresponding resonator elements of the high- 
frequency coil arrangement. Examples of non-reciprocal components that may be considered 
suitable for this purpose are commercially available circulators. 

The high-frequency system in accordance with the invention is suitable for 
generating high-frequency fields in the examination volume and for acquiring MR signals 

25 from the examination volume in the case of an MR apparatus equipped with a main field coil 
for generating a homogeneous, static magnetic field in an examination volume, a number of 
gradient coils for generating magnetic field gradients in the examination volume, a central 
control unit for activating the gradient coils and the high-frequency system, and a 
reconstruction and visualization unit for processing and displaying the MR signals. 

30 

The invention will be further described with reference to an example of an 
embodiment shown in the drawing, to which, however, the invention is not restricted. . 
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In the center of the MR apparatus shown in the drawing is an examination 
volume 100, in which a patient 102 is located on a patient table 101. In the area of the 
examination volume 100, a static and essentially homogeneous magnetic field with a strength 
5 of e.g. 1 .5 tesla is generated by means of a main field magnet, which is not shown. As 
described above, time- variable magnetic-field gradients also have to be generated in 
examination volume 100 for the MR image generation. A plurality of gradient coils 
accommodated in a gradient tube 103 enclosing the examination volume 100 are used for this 
purpose. The gradient tube 103 shown has an asymmetrical cross-section, which is beneficial 

10 e.g. for achieving the greatest possible gradient field strengths. The generation of high- 
frequency fields, also necessary for the MR image generation, takes place by means of 
resonator elements 104, which are arranged around the examination volume 100 within the 
gradient tube 103 and which comprise conductor elements running parallel with the 
longitudinal axis of the main field magnet. The conductor elements are interlinked with each 

15 other and, if applicable, also in relation to ground, via capacitors, as a result of which the 
resonance characteristic of the arrangement is determined. The resonator elements 104 form 
the high-frequency coil arrangement of the MR apparatus shown in the drawing, which, in 
addition to exciting MR signals in the examination volume 100, is also used for their 
detection. Between the gradient tube 103 and resonator elements 104 of the coil arrangement 

20 is located an HF screen 105, which encloses the entire examination volume 100. By means of 
this, interference signals are kept out of the environment of the MR apparatus, and, in 
addition, the high-frequency emission into the environment is suppressed. Each of the eight 
resonator elements 104 shown in the drawing is connected to a changeover switch S, by 
means of which, depending on the operating mode, the resonator element 104 concerned is 

25 connected to one of two possible terminals. The terminals intended for the transmit mode are 
designated by numbers 1 to 8, and those for receive mode by lower-case letters a to h. The 
outputs of a transmit unit 106 provided with corresponding numbers are assigned to terminals 
1 to 8. One transmit channel of the transmit unit 106 is assigned to each of the resonator 
elements 104. The transmit unit 106 is equipped with a plurality of high-frequency amplifiers 

30 1 07, the inputs of which receive low-power transmit signals via a first controllable 

multiplexer/distributor network 108. The output signals of the high-frequency amplifiers 107 
are distributed over the transmit channels 1 to 8 via a second controllable 
multiplexer/distributor network 109. To activate the multiplexer/distributor networks 108 and 
109, the transmit unit 106 is equipped with a control unit 1 10. The gain factors of the high- 
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frequency amplifiers 107 are individually controllable by means of the control unit 1 10. To 
protect the components contained in the transmit unit 106, a plurality of isolators (circulators) 
124 are provided both upstream and downstream of the second multiplexer/distributor 
network 109. Arranged in the examination volume 100 as measurement sensors are pick-up 
5 coils 1 1 1, the measurement signals 1 12 of which are supplied to the control unit 1 10 in order 
that the high-frequency field distribution can be precisely regulated in the examination 
volume 100. To generate the high-frequency input signals for the transmit unit 106, a 
plurality of controllable high-frequency signal generators 1 13 are provided, by means of 
which the amplitudes and phases of the high-frequency signals supplied to the resonator 
10 elements 104 via the transmit channels 1 to 8 of the transmit unit 106 can be individually 
preselected. Serving to activate the high-frequency signal generators 1 13 is a control unit 

114, which is connected to the high-frequency signal generators 1 13 via a digital databus 

115. The preselection of the waveforms, the frequencies, the amplitudes and the phases of the 
low-power transmit signals generated by means of the high-frequency signal generators 113 

1 5 takes place by means of the control unit 1 14. In addition, the time sequence of the signals to 
be supplied to the individual resonator elements 104 of the high-frequency coil arrangement 
is controlled by the control unit 1 14. Assigned to the terminals a to h intended for receive 
mode are receive channels of a receive unit 116, designated by the corresponding letters. 
Each receive channel a to h is equipped with a sensitive preamplifier/demodulator module 

20 117. The MR signals registered by the receive unit 1 1 6 are transmitted via a digital databus 
118, firstly to a control unit 1 19 of the receive unit 116, and, from there, to a reconstruction 
unit 120, where the digital signals are combined with one another and Fourier-analyzed. The 
images generated by means of the reconstruction unit 120 are then output on a monitor of a 
microcomputer 121. The microcomputer 121 is simultaneously used for the control of the 

25 MR apparatus by a user, for which purpose t£te computer 121 is also connected to a central 
control unit 122. Activated by the central control unit 122 are the gradient coils, the transmit 
unit 106 and, via the control unit 1 14, the high-frequency signal generators 113. Surface coils 
123 placed directly on the body of the patient 102, which are connected via the terminals i 
and j to the corresponding inputs of the receive unit 116, may also be used for the image 

30 generation. The surface coils 123 may be used e.g. for local cardiac image generation, 

wherein the conductor elements 104 of the coil arrangement arranged in the area of the back 
of the patient 102 (terminals g and h) are used together with the surface coils 123 in synergy 
operation for the data recording. 



